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$EVWUDFW
7KHSDSHUGHDOVZLWK WKH LQWHUSUHWDWLRQRI WKHJUDSKLFDOO\RULHQWHG FRQFHSWXDO LQIRUPDWLRQZKLFK LV
WUHDWHGDVWKHLQIRUPDWLRQFRQFHUQLQJWKHHQWLWLHVDQGUHODWLRQVKLSVRIWKHSUREOHPGRPDLQUHSUHVHQWHG
LQ WKH JUDSKLFDO IRUP 7KH SDSHU SURSRVHV WKH DSSURDFK EDVHG RQ WKH DSSOLFDWLYH FRPSXWDWLRQDO
V\VWHPVZKLFK DOORZV HYDOXDWLQJ WKH JUDSKLFDO DWWULEXWHV RI WKH FRQFHSWXDO REMHFWV DFFRUGLQJ WR LWV
VHPDQWLF VWUXFWXUH 7KLV IHDWXUH GLVWLQJXLVKHV WKH SURSRVHG V\VWHP IURP WKH'DWDEDVH0DQDJHPHQW
6\VWHP VFKHPHGHVLJQ WRROVZKLFK W\SLFDOO\ UHSUHVHQW WKH FRQFHSWXDO LQIRUPDWLRQ LQ WKH SUHGHILQHG
ZD\$SURWRW\SHDSSOLFDWLYHV\VWHPIRUWKHJUDSKLFDOFRQFHSWXDO LQIRUPDWLRQWUHDWPHQWLVSURSRVHG
7KHV\VWHPLQFOXGHVEDVLFVHPDQWLFGRPDLQVIRUWKHFRQFHSWXDOFRQVWUXFWLRQVDQGDQLQWHUSUHWDWLRQIRU
HYDOXDWLQJWKHYDOXHVRIJUDSKLFDODWWULEXWHVRIWKHUHSUHVHQWHGREMHFWV7KHDSSOLFDWLYHFKDUDFWHURIWKH
SURSRVHGPRGHODOORZVRIIHULQJWKHZD\RILWVIXWXUHLPSOHPHQWDWLRQ

Keywords: 'RPDLQ PRGHO FRQFHSW FRQFHSW GHSHQGHQFHV FRQFHSWXDO FRQVWUXFWLRQ FRQFHSWXDO GRPDLQ W\SH
WKHRU\JUDSKLFDOIRUPDWJUDSKLFDOREMHFWVGLDJUDPPLQJ$SSOLFDWLYH&RPSXWDWLRQDO0RGHO$&0FRQFHSWXDO
YLVXDOL]DWLRQ
 ,QWURGXFWLRQ
&RQVWUXFWLQJ WKH SURFHVVLQJ V\VWHPV RI JUDSKLFDOO\ RULHQWHG FRQFHSWXDO LQIRUPDWLRQ VXJJHVWV
GHWHUPLQLQJ WKH W\SHV RI VXFK LQIRUPDWLRQ DQG ZD\V WR ZRUN ZLWK LW 7KH SDSHU XQGHUVWDQGV  DV
JUDSKLFDOO\ RULHQWHG FRQFHSWXDO LQIRUPDWLRQ  WKH FRQFHSWXDO LQIRUPDWLRQ ZKLFK LV RULHQWHG WR
JUDSKLFDO UHSUHVHQWDWLRQ RI GDWD RQ WKH VXEMHFW DUHD SUHVHQWHG LQ WKH IRUP RI VWUXFWXUHG DQG
XQVWUXFWXUHGGHVFULSWLRQVRIVXEMHFWDUHDREMHFWVDQGWKHLUUHODWLRQVKLSV)URPKHUHWKHSUREOHPDULVHV
WR ZRUN RXW FRQFHSWXDOL]HG WRROV RI JUDSKLFDO UHSUHVHQWDWLRQ RI WKH VXEMHFW DUHD REMHFWV DQG WKHLU
SURFHVVLQJ7KHFRUUHFWZD\WRVROYH WKLVSUREOHP>@ LQYROYHV WKHFUHDWLRQRIDFRPSXWDWLRQDO
PRGHORIJUDSKLFDOO\RULHQWHGFRQFHSWXDOGDWDDQGVXSSRUWWRROVRIWKLVPRGHO
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7KHHVVHQWLDOIHDWXUHRIWKHSUREOHPLVWKHQHHGWRHQVXUHWKHH[WHQVLELOLW\RIPRGHOLQJWRROVZKLFK
LVDFKLHYHGILUVWRIDOOWKURXJKSURYLGLQJWKHFRPSXWDWLRQDOFKDUDFWHURIWKHPRGHO2QHRIWKHPRVW
FRQYHQLHQWIRUWKLVIRUPDOLVPVDUHDSSOLFDWLYHFRPSXWDWLRQDOV\VWHPV>@ZKLFKZRXOGSURYLGH
DQRSSRUWXQLW\WRFDOFXODWHGJUDSKLFLPDJHVLQWKHFRQWH[WRIWKHDGMXVWPHQWWRUHSUHVHQWWKHHQWLWLHVRI
VXEMHFWDUHDFRUUHVSRQGLQJWRWKHXVHU
VQHHGV7KHXVHRIODPEGDFDOFXOXVSURYLGLQJDPRUHFRPSDFW
GHVFULSWLRQ RI DEVWUDFWLRQ ZKLFK LV RQH RI WKH FRQFHSWXDOL]DWLRQ EDVLF RSHUDWLRQV VHHPV WR EH
SURPLVLQJ DW WKH OHYHO RI IL[LQJ WKH VXEMHFW DUHD REMHFWV $W WKH OHYHO RI GHVFULELQJ WKH VXSSRUW
PHFKDQLVPVWKHXVHRIPHWKRGVRI WKH WKHRU\RIFRPELQDWRUVHQVXULQJ WKHPHDQV WRPDQLSXODWH WKH
FRPSXWLQJHQYLURQPHQWIUHHRIYDULDEOHVLVPRUHMXVWLILHG
$Q LPSRUWDQW DGYDQWDJH RI WKH DSSOLFDWLYH FRPSXWDWLRQDO V\VWHPV LV WKH SRVVLELOLW\ WR SURYLGH
IOH[LEOHVFKHPHVIRUW\SLQJREMHFWV2QHFDQXVHW\SLQJPHWKRGVDGRSWHGLQWKHVLPSOHWKHRU\RIW\SHV
ZKLFK LV FRQYHQLHQW WR GHVFULEH WKH W\SHVRI EDVLF JUDSKLFDO REMHFWV%DVLQJRQ WKH XVH RI GLIIHUHQW
NLQGVRISRO\PRUSKLVPWKHGHILQLWLRQRIJHQHULFVLVSURYLGHGWKHJHQHULFVDUHXVHGIRUVSHFLI\LQJWKH
SURFHVVLQJ PHWKRGV DSSOLFDEOH WR FODVVHV RI VWUXFWXUHV WKDW GHVFULEH WKH VXEMHFW DUHD ZKLFK DUH
XQLIRUP LQ RQH RU DQRWKHU VHQVH 'HSHQGLQJ RQ WKH DGRSWHG DSSOLFDWLYH IRUPDOLVP WKH LQWURGXFHG
VWUXFWXUHV PD\ EH SDUDPHWHUL]HG ERWK WKH WHUPV RI WKH DSSOLFDWLYH ODQJXDJH FRUUHVSRQGLQJ WR
FRQVWUXFWLRQV RI VXEMHFW DUHD GHVFULSWLRQ DQG WKH W\SHV RI WKHVH WHUPV EHLQJ H[SRVHG WR
SDUDPHWHUL]DWLRQ >@ 7KH PRVW IOH[LEOH SDUDPHWHUL]DWLRQ VFKHPH LV SURYLGHG E\ WKH DSSOLFDWLYH
FRPSXWDWLRQDOV\VWHPNQRZQDVFDOFXOXVRIFRQVWUXFWLRQV>@
 5HODWHGZRUN
7KH DSSURDFKHV WR WKH FRQFHSWXDOL]DWLRQ RI JUDSKLFDO LQIRUPDWLRQ ZHUH XQGHUWDNHQ HDUOLHU IURP
GLIIHUHQW SRVLWLRQV 7KH HVVHQWLDO FKDUDFWHULVWLF IHDWXUH RI FRQFHSWXDO LQIRUPDWLRQ LQFOXGLQJ WKH
JUDSKLFDOO\RULHQWHG RQH LV WKH SRVVLELOLW\ WR XVH FRQFHSWXDOPRGHOV WKLV VXJJHVWV FRQVWUXFWLQJ WKH
LQWHUSUHWDWLRQWRROVRIFRQFHSWXDOLQIRUPDWLRQ7KHSRVVLELOLWLHVRIWKHLQWHUSUHWDWLRQWRROVVXSSRUWFDQ
EHFRUUHODWHGZLWKERWKWKHIHDWXUHVRIYDULRXVJUDSKLFDOIRUPDWVDQGWKHFODVVHVRILQVWUXPHQWDOPHDQV
RIVXSSRUWWRJUDSKLFDOSURFHVVLQJ
,W LV QDWXUDO WR UHODWH WKH ZD\V RI LQWHUSUHWDWLRQ RI JUDSKLFDOO\ RULHQWHG FRQFHSWXDO GDWD WR
SULPDULO\WKHH[LVWLQJJUDSKLFDOGDWDUHSUHVHQWDWLRQIRUPDWV$OWKRXJKWKHUHDUHWZRPDMRUFODVVHVRI
JUDSKLFDOIRUPDWVUDVWHUDQGYHFWRU>@\HWLQWKHFRQWH[WRIWKLVSDSHUWKHYHFWRUIRUPDWVDUHRIJUHDW
LQWHUHVW 7KH H[LVWLQJ YHFWRU IRUPDWV UHSUHVHQW WKH JUDSKLF LQIRUPDWLRQ HLWKHU DV D VHW RI LQGLYLGXDO
JUDSKLFHOHPHQWV';)RUDVDKLHUDUFKLFDOQHVWHGVWUXFWXUH69*0RUHDGYDQFHGPHDQVWRZRUN
ZLWK YHFWRU JUDSKLFV 3RVW6FULSW DOVR XVH D JUDSKLFDO UHSUHVHQWDWLRQPRGHO LQ WKH IRUP RI D VHW RI
JUDSKLFDO HOHPHQWV >@ 7KH QDWXUDO UHSUHVHQWDWLRQ RI D VHW RI JUDSKLFDO HOHPHQWV DSSHDUV WR EH WKH
UHSUHVHQWDWLRQLQWKHIRUPRIDOLVWZKLFKLVWDNHQLQSDUWLFXODULQ$XWR&$'V\VWHPWKDWLVSRWHQWLDOO\
DEOHWRSURYLGHIRUWKHFRPSXWHGYDULDELOLW\RIJUDSKLFUHSUHVHQWDWLRQVDQGWKHUHOHYDQWLQVWUXPHQWDO
PHDQ±WKHSURFHVVLQJODQJXDJHVRIWKH/LVSOLVWV>@
2QH RI WKH ZD\V RI WKH JUDSKLF LQIRUPDWLRQ LQWHUSUHWDWLRQ WKDW FDQ EH FRPSUHKHQGHG DW D
FRQFHSWXDO OHYHO LVXVHGLQSDWWHUQUHFRJQLWLRQV\VWHPV6XFKV\VWHPVEDVHGRQWKHDQDO\VLVRI ORZ
OHYHOJUDSKLFVSULPLWLYHVRI WKHJLYHQREMHFWSURGXFH LWV LQWHUSUHWDWLRQ LQ WHUPVRIDKLJKHU OHYHO ,W
VKRXOGEHQRWHGKRZHYHU WKDW WKHDOORFDWHG LPDJHVXVXDOO\KDYH WKHVWDQGDUGFKDUDFWHU OHWWHUVDQG
RWKHU IRQW FKDUDFWHUV V\PEROV HWF )XUWKHUPRUH WKH FRQFHSWXDOL]DWLRQ LV SHUIRUPHG RQO\ LQ RQH
GLUHFWLRQIURPORZOHYHOWRKLJKOHYHODQGWKHUHYHUVHWUDQVLWLRQLVW\SLFDOO\QRWVXSSRUWHG
7KH RSSRVLWH DSSURDFK LV GHPRQVWUDWHG E\ V\VWHPV RI D JHQHUDOSXUSRVH FRQFHSWXDO PRGHOLQJ
ZKLFK LQFOXGH WKH QXPEHU RI LQ SDUWLFXODU RQWRORJLHV VXSSRUW V\VWHPV >@ ,Q VXFK V\VWHPV DQ\
FRQFHSWXDOPRGHO FDQ EH LQWHUSUHWHG LQ SULQFLSOH LQFOXGLQJ WKHJUDSKLFDOO\ RULHQWHGRQH+RZHYHU
VXFKV\VWHPVDUHQRWXVXDOO\HTXLSSHGZLWKDVWDQGDUGELQGHUZLWKJUDSKLFDO LQIRUPDWLRQSURFHVVLQJ
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
VXEV\VWHPPHDQVRIYLHZLQJHGLWLQJHWFDQGWKHUHIRUHWKHGLUHFWSRVVLELOLW\RIZRUNZLWKJUDSKLFV
GXULQJFRQFHSWXDOL]DWLRQIDFHVGLIILFXOWLHV
7KHLQWHUPHGLDWHOHYHOLVRFFXSLHGE\WKHGHVLJQV\VWHPVRI&$'W\SH:LWKLQWKHPDIDLUO\KLJK
OHYHO RI FRQFHSWXDOL]DWLRQ LV FRPELQHG ZLWK DGYDQFHG SRVVLELOLWLHV RI WKH JUDSKLFV SURFHVVLQJ
+RZHYHU VXFK V\VWHPV DUH XVXDOO\ RULHQWHG WR TXLWH VSHFLILF DSSOLFDWLRQ DUHDV PDFKLQHEXLOGLQJ
LQGXVWU\ DUFKLWHFWXUH HWF WKLV OHDGLQJ WR WKH FRQVWUXFWLRQ RI LQWHUSUHWLYH WRROV ZLWK KLJK
VSHFLDOL]DWLRQDQGPDNLQJGLIILFXOWWRXVHWKHPLQWKHVXEMHFWDUHDVRIDJHQHUDOQDWXUH
7KH VFKHPDWL]DWLRQ V\VWHPV RI WKH W\SH >@ GHPRQVWUDWH DQ LQWHUHVWLQJ DSSURDFK 6XFK V\VWHPV
PDNHSRVVLEOH WR FUHDWH VSHFLDOL]HGJUDSKLF GHVFULSWLRQVXVLQJZLGHO\ UDWKHU ULFKJUDSKLFDO WRROV ,Q
SDUWLFXODULWLVSRVVLEOHWRGLVSOD\GLIIHUHQWW\SHVRIFRQFHSWXDOVWUXFWXUHVGHVFULSWLRQRIKLHUDUFKLHV
FODVVLILFDWLRQVHWF:KLOHVXFKV\VWHPVPD\EHUHJDUGHGDVXQLYHUVDOIRUDJLYHQFODVVRIVXEMHFWDUHDV
WKH\ XVXDOO\ SURYLGH SRRU H[WHQVLELOLW\ RI WKH XVHG JUDSKLFDO WRROV HVSHFLDOO\ PHWKRGV RI PHDQV
FRPSRVLWLRQ DQG ZD\V RI WKHLU FRPPXQLFDWLRQ ZLWK WKH VHPDQWLF LQIRUPDWLRQ ZKHQ QHFHVVDU\ WR
FODULI\WKHGHVFULSWLRQRIWKHVXEMHFWDUHD
7KLV SDSHU SURSRVHV DQ DSSURDFK RULHQWHG WR WKH GHVFULSWLRQ RI JUDSKLFDOO\RULHQWHG FRQFHSWXDO
LQIRUPDWLRQDWDKLJKHU OHYHO WKDQ WKDWZDV IRUHVHHQ LQ WKH LPDJHGDWD IRUPDWRUSDWWHUQ UHFRJQLWLRQ
V\VWHPV$WWKHVDPHWLPHLWSURYLGHVIRUDPRUHGHWDLOHGGHVFULSWLRQRIJUDSKLFDOSULPLWLYHVWKDQLQ
WKHFRQFHSWXDOL]DWLRQV\VWHPVRIJHQHUDOSXUSRVH
 6HPDQWLFGRPDLQVRIFRQFHSWXDOFRQVWUXFWLRQV
/HWXVXVHWKHREMHFWWKDWFRQWDLQVDVHWRISURSHUWLHVSUHVHQWHGLQWKHIRUPRIDSDLURIWKHSURSHUW\
W\SHDQGLWVYDOXHDVDQLGHDOL]HGUHSUHVHQWDWLRQRIWKHJUDSKLFDOHQYLURQPHQWREMHFW)XUWKHUVXFKDQ
REMHFWZLOOEHFDOOHG WKHFRQFHSWXDOFRQVWUXFWLRQ7KLV VWUXFWXUHRIREMHFWFRUUHVSRQGVUDWKHUZHOO WR
WKHDFWXDOIRUPDWVRIWKHLPDJHGDWD69*';)DQGDWWKHVDPHWLPHDOORZVWREHGLVWUDFWHGE\QRQ
HVVHQWLDO LQ WKH FRQWH[W RI WKH SUHVHQW SDSHU LPDJH GHWDLOV 7KH SDLU RI WKH W\SH DQG YDOXH RI WKH
SURSHUW\ ZLOO EH FRQVLGHUHG DV WKH EDVLF XQLW RI FRQFHSWXDOL]DWLRQ DQG ZLOO EH FDOOHG WKH
FRQFHSWXDOL]DWRURIJUDSKLFDOREMHFWV
/HW XV LQWURGXFH WKH QHFHVVDU\ FODVVHV RI H[SUHVVLRQV LQ WKH IRUP RI VHPDQWLF GRPDLQ >@ IRU D
IRUPDOSUHVHQWDWLRQRIJUDSKLFDOREMHFWVFRQFHSWXDOL]DWRUV7KHXVHRIWKHVHPDQWLFGRPDLQVSURYLGHV
RQWKHRQHKDQGWKHSRVVLELOLW\RIDQHOHPHQWDU\GHVFULSWLRQRIWKHGDWDRQWKHEDVLVRIWKHLUVWUXFWXUDO
FKDUDFWHULVWLFVZLWKLQWKHIUDPHZRUNRIWKHVHWWKHRU\RQWKHRWKHUKDQGWKHSRVVLELOLW\RIWUDQVLWLRQWR
D SRZHUIXO WHFKQLTXH RI WKH ODWWLFHV WKHRU\ DQG RWKHU ULFKHU VWUXFWXUHV XQEURNHQ ODWWLFHV HWF
DOORZLQJ WR XVH WKH GHYHORSHGPHWKRGV RIPDQLSXODWLRQ RI VXFK VWUXFWXUHV LQFOXGLQJ WKH DOJHEUDLF
W\SH:HZLOOXVHWKHIROORZLQJVHPDQWLFGRPDLQVDVEDVLFRQHV
&*,7\SH±W\SHVRIJUDSKLFDOREMHFWVFRQFHSWXDOL]DWRUV
&*,9DO±YDOXHVRIJUDSKLFDOREMHFWVFRQFHSWXDOL]DWRUV
)XUWKHU RQ ZH ZLOO LQWURGXFH WKH VHPDQWLF GRPDLQ *&,%DJ RI WKH VHWV EDJV RI WKH JUDSKLFDO
REMHFWVFRQFHSWXDOL]DWRUVDWWULEXWHGWRDSDUWLFXODUFRQFHSWXDOFRQVWUXFWLRQDWWKHVWDJHRIGHWHUPLQLQJ
WKHUHSUHVHQWDWLRQVRIREMHFWVVHPDQWLFGRPDLQ6%DJRIEDJVRIFRQFHSWXDOFRQVWUXFWLRQVDVZHOODV
WKHVHPDQWLFGRPDLQ*9DO%DJRIEDJVRIFRQFHSWXDOFRQVWUXFWLRQVYDOXHV7KHVHPDQWLFGRPDLQRIWKH
JUDSKLFDO REMHFWV FRQFHSWXDOL]DWRUV DWWULEXWHG WR D SDUWLFXODU FRQFHSWXDO VWUXFWXUH *&,%DJ FDQ EH
GHVFULEHGLQWKHIRUPRIDQLQGXFWLYHFODVVDVIROORZV
L ^`ࣅ*&,%DJ
LL LIWࣅ&*,7\SHYࣅ&*,9DOEࣅ&*,%DJWKHQWYEࣅ*&,%DJ
7KH VHPDQWLFGRPDLQ&%DJRIEDJVRI FRQFHSWXDO FRQVWUXFWLRQVGHVFULEHVSRWHQWLDO VWDWHVRI WKH
VHWVRIFRQFHSWXDOFRQVWUXFWLRQV,WPD\EHGHVFULEHGLQWKHIRUPRIDQLQGXFWLYHFODVVDVIROORZV
L ^`ࣅ&%DJ
LL ,IFࣅ&*,%DJEࣅ&%DJWKHQFEࣅ&%DJ
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
7KH LQWURGXFHG VHPDQWLF GRPDLQ &%DJ GHVFULEHV WKH LQLWLDO VSHFLILFDWLRQV IRU FRPSXWLQJ WKH
VSHFLDOL]HG FRQFHSWXDO RSHUDWLRQV 1H[W LW LV QHFHVVDU\ WR GHVFULEH WKH UHVXOW RI FRPSXWLQJ ZKLFK
UHSUHVHQWVLWVHOIDVWKHEDJRIFRQFHSWXDOFRQVWUXFWLRQVYDOXHV7KHVHPDQWLFGRPDLQ&9DO%DJRIEDJV
RIWKHFRQFHSWXDOFRQVWUXFWLRQVYDOXHVPD\EHGHVFULEHGLQWKHIRUPRIDQLQGXFWLYHFODVVDVIROORZV
L ^`ࣅ&9DO%DJ
LL ,IYࣅ&*,9DOEࣅ&9DO%DJWKHQYEࣅ&9DO%DJ
,WVKRXOGEHQRWHGWKDWWKHDSSOLHGPHWKRGIRUGHWHUPLQLQJWKHEDJVXVHVSDUDPHWULFSRO\PRUSKLVP
VLJQLILFDQWO\>@,QSDUWLFXODUWKHRSHUDWLRQ³´LVGHWHUPLQHGSRO\PRUSKLFDOO\DQGLVXVHGWRGHVLJQ
WKHDSSURSULDWHW\SHEDJV/DWHURQZKHQGHVFULELQJWKHZRUNWRROVZLWKWKHYDOXHVZHZLOOXVH³YDOXH
EHORQJV WR WKH FRUUHVSRQGLQJ W\SH´ DQG ³YDOXH LV DQ HOHPHQW RI WKH FRUUHVSRQGLQJ GRPDLQ´ DV
V\QRQ\PRXVRQHV
 7KHIRUPDOL]DWLRQRIWKHLQWHUSUHWDWLRQUHVXOWV
7KHLQWHUSUHWDWLRQRIFRQFHSWXDOFRQVWUXFWLRQVFDQEHGLUHFWHGWRREWDLQLQJUHVXOWVRIYDULRXVW\SHV
í FRQVWUXFWLRQRIDJUDSKLFLPDJHRIWKHFRQFHSWXDOFRQVWUXFWLRQVRQWKHVFUHHQ
í FUHDWLRQRIDSULQWHGLPDJHRIWKHFRQFHSWXDOFRQVWUXFWLRQV
í REWDLQLQJV\QGLFDWHGLPDJHRIDQXPEHURIFRQFHSWXDOFRQVWUXFWLRQVRULPDJHVRIVHFRQGDU\
FRQFHSWXDOFRQVWUXFWLRQVV\QWKHVL]HGRQWKHEDVHRIWKHLQLWLDOVSHFLILFDWLRQV
)RU WKH IRUPDOFRQVWUXFWLRQRI WKH LQWHUSUHWDWLRQ UHVXOWZHZLOOXVH WKH VHPDQWLFGRPDLQ*9DO±
GRPDLQRIJUDSKLFDOYDOXHVDVWKHEDVLFRQH7RGHWHUPLQHWKHFRQYHUVLRQRIJUDSKLFUHSUHVHQWDWLRQVRI
REMHFWVZHZLOOXVHWKHIXQFWLRQVRIWKHIRUP
 IVHP*9DOψ*9DO
,Q YLHZ RI WKLVZH GR QRW DVVXPH WKH SUHVHQFH RI DQ\ DWWULEXWHV LQ WKH JUDSKLF YDOXHV2Q WKH
FRQWUDU\WKHJUDSKLFYDOXHLVFRQVLGHUHGWREH³LQGLYLVLEOH´7KHFRQYHUVLRQVFRUUHVSRQGWRWKHFKDQJH
RI WKH UHSUHVHQWDWLRQZD\ RI WKH JUDSKLF YDOXH IRU H[DPSOH GUDZLQJ D SDWK RI D FHUWDLQ WKLFNQHVV
FRORUVW\OHHWFILOOLQJDFHUWDLQFRORUHWF
7ROLQNWKHJUDSKLFDOREMHFWVFRQFHSWXDOL]DWRUVZLWKWKHWUDQVIRUPDWLRQVRIJUDSKLFUHSUHVHQWDWLRQV
ZHLQWURGXFHDJUDSKLFDOHQYLURQPHQW
 ȡ*&*,9DOψ*9DOψ*9DO
/HWXVWKLQNWKDWWKHJUDSKLFDOHQYLURQPHQWVIRUPWKHVHPDQWLFGRPDLQ*(QY
 0HDQVRILQWHUSUHWDWLRQRIFRQFHSWXDOFRQVWUXFWLRQV
0HDQVRILQWHUSUHWDWLRQZLOOEHFRQVWUXFWHGLQWKHIRUPRIHYDOXDWLQJGLVSOD\
 __̒__̒*&,%DJ*(QYψ*9DO
,Q DFFRUGDQFH ZLWK WKH GHILQLWLRQ RI WKH VHPDQWLF GRPDLQ *&,%DJ WKH LQWHUSUHWDWLRQ PD\ EH
GHWHUPLQHGLQWKHIROORZLQJZD\
 __^`__ȡ* *9
 __WYE__ ȡ*Y__E__ȡ*
ZKHUH*9±DNLQGRI³LQLWLDO´JUDSKLFDOYDOXH
+RZHYHUWKLVZD\RIWKHLQWHUSUHWDWLRQGHWHUPLQLQJGRHVQRWFRUUHVSRQGWRWKHDJUHHPHQWVZKLFK
DUHXVXDOO\ WDNHQZKHQEXLOGLQJ WKHDSSOLHGJUDSKLFDOO\RULHQWHGV\VWHPV ,QGHHGDVD UXOHDVHWRI
DWWULEXWHV LV DOORFDWHG WKDW GHILQH WKH EDVLF JUDSKLF IRUP RI WKH GLVSOD\HG REMHFW DQG WKH IROORZLQJ
LPDJHFRQYHUVLRQVDUHSHUIRUPHGZLWKWKLVIRUP
7RJHWDVSHFLILHGGHVFULSWLRQZHZLOOLQWURGXFHWKHVHPDQWLFGRPDLQ8FRQWDLQLQJDVLQJOHYDOXH
1RWHWKDWWKHLQWURGXFWLRQRIVXFKDGRPDLQLVDVWDQGDUGZD\RIGHVFULELQJWKHIXQFWLRQVZLWKRXW
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
DUJXPHQWV > @ :H ZLOO FKDQJH WKH W\SH RI FRQYHUVLRQ IXQFWLRQV RI JUDSKLF UHSUHVHQWDWLRQV RI
REMHFWVDVIROORZV
 IVHP*9DO8ψ*9DO
ZKHUHPHDQVWKHRSHUDWLRQRIGLVMRLQWXQLRQRIGRPDLQV
)RU VLPSOLFLW\ ZH ZLOO DVVXPH WKDW WKH EDVLF JUDSKLF IRUP RI WKH REMHFW LV GHWHUPLQHG E\ RQH
FRQFHSWXDOL]DWRURIWKHW\SHW1RZWKHVSHFLILHGLQWHUSUHWDWLRQFDQEHGHILQHGDVIROORZV
 __WYE__ȡ* ȡ*Y
 __WYE__ ȡ*Y__E__ȡ*
7KH GHWHUPLQHG HDUOLHU HYDOXDWLQJ GLVSOD\ QRZ FDQ EH GLVVHPLQDWHG WR WKH GRPDLQ &%DJ 7KH
GLVVHPLQDWLRQLVSHUIRUPHGDVIROORZV
 __^`__ȡ* *9EJ
 __FE__ __F__ȡ*__E__ȡ*
ZKHUH*9EJ±DFHUWDLQEHIRUHKDQGIL[HG³EDFNJURXQG´LPDJH
7KH UHFHLYHG HYDOXDWLQJ GLVSOD\ FDQ EH XVHG IRU JHWWLQJ JUDSKLFDO SULPLWLYHV WKDW PDNH XS D
JUDSKLFDOLPDJHRIWKH³RXWSXW´,QSULQFLSOHWKHFRPSXWDWLRQFDQEHFDUULHGRXWXSWRGHWHUPLQLQJWKH
FRORURILQGLYLGXDOSL[HOVRIWKHLPDJH
&RQFOXVLRQV
$QDSSURDFKLVSURSRVHGWRWKHFRQVWUXFWLRQRIFRQFHSWXDOL]HGWRROVIRUJUDSKLFDOSUHVHQWDWLRQRI
WKH VXEMHFW DUHD REMHFWV DQG WKHLU LQWHUSUHWDWLRQ RQ WKH EDVLV RI FRPSXWLQJPRGHO RI WKH DSSOLFDWLYH
W\SH7KHFRQVWUXFWHGPRGHOSURYLGHVIRUWKHH[WHQVLELOLW\RIPRGHOLQJWRROVZKLFKLVDFKLHYHGDWWKH
H[SHQVHRIHQVXULQJFRPSXWDWLRQDOFKDUDFWHURIWKHPRGHO7KHH[WHQVLELOLW\DOORZVWKHSRVVLELOLW\WR
LQWURGXFHWKHVFKHPHVRIW\SLQJREMHFWVDGHTXDWHWRWKHIRUPDOL]DWLRQRIWKHGHVFULSWLRQRIWKHVXEMHFW
DUHD7KHVWDQGDUGWDVNVRISURFHVVLQJDQGUHODWHGPHDQVRIDWWULEXWLRQKDYHEHHQFRQVLGHUHG
7KHDSSOLFDWLYHQDWXUHRI WKHSURSRVHGFRPSXWDWLRQDOPRGHODOORZVRIIHULQJDZD\RI LWV IXUWKHU
LPSOHPHQWDWLRQ XVLQJ WRROV RI WKH DSSOLFDWLYH W\SH 7KH FRQVLGHUHG FRPELQDWRUV PD\ EH QHVWHG LQ
W\SHOHVV ODPEGD FDOFXOXV DQG WKHQ FDOFXODWHG E\ DQ\ RI WKH ZHOO NQRZQ PHWKRGV RI DSSOLFDWLYH
V\VWHPVLPSOHPHQWDWLRQZKLFKRSHQVWKHZD\WREXLOGSUDFWLFDOV\VWHPVRISURFHVVLQJRIJUDSKLFDOO\
RULHQWHGFRQFHSWXDOLQIRUPDWLRQ
$FNQRZOHGJHPHQWV
7KLV UHVHDUFK LV VXSSRUWHG LQSDUWE\ WKH5)%5JUDQWV
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
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